147 2 cm. Within the 32 sites, six seeps were selected randomly from the data set although not all 148 were used for previously mentioned reasons. Sites are, at a minimum, a meter apart or separated 149 by terrestrial environment to maintain independence. 150 To examine abundance of H. cf. glabra within the study area, lures were deployed in 151 February, May, August and November of 2016. Each event consisted of burying a folded cotton 152 cloth encased in a metal cage in the substrate of the spring source outflow (Fig 2) . The cotton 153 cloth lure is standardized in size (15 cm x 15 cm) and folded the same for each cage. The cage is 154 used to hold the shape of the lure over time and prevent potential anoxia by becoming squeezed 155 [23] . Thirty two lures were set in springs for each of the four events. Each lure represents a 156 sampling site and were left in the substrate for 28 to 35 days to allow for biofilm growth. After 157 that time, the lures were removed and adult and larval riffle beetles (Elmidae) found on each lure 158 were counted and recorded. All riffle beetles were carefully returned to the site of capture 159 following each event. For each subsequent event, this process was repeated at the same sites. 
246
Model selection was based upon the AICc score initially. Subsequently, the preliminary 247 selection of the global NB at a K of 400 was modeled with a goodness of fit and evaluated at 248 different levels of K. The levels of K ranged from the default value of 157 to the selected value 249 of 600 (Fig 3) . The abundance parameter estimates of K at 500 and 600 became inseparable.
250 However, the probabilities of detection decreased as K level increased. Goodness of fit tests at 251 500 K showed the mathematical fit of the model (p = 0.08) with a c-hat (ĉ) of 1.68 (Table 3) .
252 Goodness of fit tests for the 600 K model showed a lack of fit (p = 0.01) and had a higher ĉ 253 (1.91) than the 500 K model. Therefore, the global NB model at a K of 500 was selected as the 254 appropriate model for this data set.
255 Indicator analysis on the Elmidae communities collected on transition lures and spring 275 origin lures showed that H. cf. glabra adults and larvae are associated with spring sources (p = 276 0.001; Table 5 ). The associations of Microcylloepus sp. adults and larvae with spring sites were 277 not significant although were shown to associate with the transition zone more than the spring 278 origin. Phanocerus larvae were significantly associated with the spring origin sites (p = 0.001).
279 Other genera were not detected within the transition zone or the spring area.
280 
283
Only three abiotic variables (temperature, flow, and substrate) had significant correlations 284 with either adult or larval H. cf. glabra average count data. The first relationship was between 285 the measured temperature at the time of the mapping and the average count data of adult H. cf.
286 glabra (Fig 4) . As the temperature increases there is a significant increase in the presence of 287 adult H. cf. glabra (F 1,26 = 10.14, r 2 = 0.28, p = 0.003). Heterelmis cf. glabra also exhibited a 288 significant relationship with flow ( Fig 4) . As flow increased the average number of adult H. cf.
289 glabra collected increased (F 1,30 = 16.64, r 2 = 0.35, p = 0.003). A negative relationship was 290 observed with H. cf. glabra larvae and substrate (Fig 4) . As substrate size increased the average 291 count of H. cf. glabra larvae decreased (F 1,30 = 9.39, r 2 = 0.23, p = 0.004), suggesting potential 292 habitat partitioning between adult and larval H. cf. glabra as the adult correlation was positive 293 although not significant.
294 
306
The calculated estimates from the NB global model of site level abundance and total 307 abundance seem realistic and ecologically plausible. Although the area from which the lure is 308 sampling the beetles is not known, the sampling consistency at all sites provides reliable 309 comparisons between sites. As mentioned previously, flow displayed a strong positive 310 relationship to the probability of detecting beetles. The flow at each site may in part determine 311 the area from which these beetles were drawn. Therefore, the greater the flow the more potential 312 microhabitat from which to draw beetles to the lure.
313
When abundance parameter estimates from model runs are compared to raw data, the 314 sites with lower raw counts seem to have higher predicted abundance than in the calculated data 315 for sites with higher raw counts. For example, seep sites, ranked with a flow of 'one', have the 316 lowest probabilities of detection among all of the flow categories and higher estimates of 317 abundance than the count data for these sites. The model appears to be accounting for riffle 318 beetles potentially not present at the site due to the low probability of detection at these lower 319 flowing sites, suggesting a sampling issue with the seep sites. Therefore, one scenario would be 320 where the beetles are not being detected, although present, thereby inflating the abundance score 321 associated with these types of sites. Another possibility is that at these lower flowing spring sites, 322 the zeros in count data could be true zeros not modeled within the predicted data set. Either 323 scenario discussed above, is highlighting the need for a better estimate of flow than the 324 categorical type that was used for these models, or disregarding seep sites for these types of 358
Overall, N-mixture models have great potential as a monitoring tool for rare, small, and 359 difficult to collect interstitial species, such as riffle beetles. In order to determine trends within 360 the population, regular monitoring of the beetles should be done with set monitoring locations at 361 least three times a year for a number of years. In addition, sites should be added if possible to 362 increase the sample size in order to conduct hypothesis tests on covariates that influence 363 abundance, not only the probability of detection. After these baseline surveys are conducted, 364 future surveys could be compared and changes in surface populations and available habitat of 365 spring-adapted riffle beetles could be elucidated.
366
The Devils River has long been recognized as a least disturbed stream and has many 367 unique species associated with its watershed. While anthropogenic stressors have been lacking in 368 the area historically, advances in nontraditional oil and gas activity has created opportunity for 369 industrial expansion in this region. Over 47,000 oil and gas wells were permitted in the Permian 370 Basin region between 2011 and 2016, with water usage per well increasing 770% (to up to 371 42,500 m 3 per well) during that same period [40] . Current commercial estimates predict
